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AHHOTai^Ha 

PaccMaTpHsaiOTca nojiyaxpoMaxHHecKHe penieTKH (c pacnpeflejieHHoii flncnepcHeii: He6ojibniaa flHcnepcna flonycKa- 
eTca B npaMOJiHHeiiHbix npoMeacyTKax Meacfly aHeftKaMn) , cocTaBjieHHbie h3 flnnojiiaHbix MarHHTOs c HeoflnnaKOBbiM 
nojieM (flBa Tnna flnnojieii). 

MHHHMH3aL(Ha 9<j)(j)eKTHBHoro ropH30HTajibHoro SMHTTaHca npoBOflHTca no cjiefljMmeMy ajiropHTMy. (1) fljia 
Kaacfloro ne KOHii;eBoro MarHHTa MHHHMHsnpyeTca ero BKjisifi, b ecTecTBeHHbiit SMHTTanc no BceM onTnnecKHM napa- 
MexpaM (cBa3aHHbiM c flHcnepcHOHHoii h 6eTa-(J)yHKii;HeH), KpoMe cuemeHHa, 3aflaK(mero cflBnr tohkh MHHHMyMa 
6eTa-(J)yHKii;HH ot ii;eHTpa MarHHTa; fljia KOHifeBoro MarHHTa MHHHMH3HpyeTca ero BKJiafl b neKHii HHTerpaji, CBa3aH- 
HbiH c 9(J)(J)eKTHBHbiM SMHTTaHCOM. (2) Ha CBo6oflHbie HapaMCTpbi flHHOJieit (KpHBH3Ha, yroji HOBopoTa, CMemenne) 
HaKJiaflbiBaMTca ycjiOBHa cuihbkh - paBencTBO HHBapnaHTOB KypaHTa-CHaiiflepa na Bbixofle h3 MarHHTa h na Bxofle 
B cjieflyiomHH. (3) HaxoflHTca MHHHMyM ho ocTaBniHMca CBo6oflHbiM HapaMBTpaM. 

ToHHOCTb ajiropHTMa HBflaeT c yMeHbinenneM HHCJia BHyTpennnx flnnojieii b aneiiKe. H Bce ace HSOMarHHTHbiit 
MHHHMyM TanaKH-Anflo (TA) fljia MOflHcJjHiiHpoBaHHOH penieTKH DBA* (rfle neT BHyTpennnx flnnojieii) BOcnpon3- 
BOflnTca c TonnocTbK) Jiynnie npoii;enTa. Cpefln peniSTOK c anenKon ne 6ojiee ncM ns ncTbipex flnnojien nanMenbinee 
snanenne 9(J)(J)eKTnBnoro SMnTTanca (na 14% nnace TA-npeflejia) floCTnraeTca fljia penieTKn QBA**, b KOTopon Bce 
flnnojin nMeMT nenyjieBoe CMemenne. 

Key words: effective emittance reduction, storage ring, nonisomagnetic lattice, Courant-Snyder invariant 
PACS: 



1. BBe^eHHe 

PacTymne noTpe6HOCTH nojibsOBaTejieii CHHxpo- 
TpoHHoro H3Jiy^eHHH (CH) npHBOflST k Heo6xo- 
flHMOCTH ^ajibHeiiinero yjiyHinenHfl napaneTpoB 
cneiiHajiHSHpoBaHHbix hctohhhkob CH. O^hhm h3 
BajKHefiinHx napaneTpoB aBJiaeTCfl ropHSOHTajib- 
Hbiii sjieKTpoHHbiii SMHTTaHC (oT Hero, nepes 

K09(i)4)HI];HeHT CBH3H, SaBHCHT H BepTHKajIbHblH 

SMHTTaHc). Ero anaHeHHe saBHCHT ot MarHHTHoii 
CTpyKTypbi (hjih penieTKH) naKOHHTejibHoro KOJib- 
ii,a, H npejKfle Bcero - ot napaneTpoB h paccTanoB- 
KH ^HnojibHbix MarHHTOB, KOTopbie o6ecneHHBaiOT 
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saMKHyTOCTb op6HTbi sjieKTpoHOB. /Ijih axpoMa- 
THHecKHx pemeTOK DBA (double bend achromat 
- flBa flHnojiH B aHeiiKe), TBA, QBA, aHeiiKH ko- 

TOpblX COe^HHeHbl npaMOJIHHeilHblMH yHaCTKaMH 

c HyjieBoii ^HcnepcHOHHoii 4)yHKLi,HeH, nsBecTHbi 

yCJIOBHfl MHHHMHSaLlHH eCTeCTBeHHOrO SMHTTan- 

ca |l|2j ; c pocTOM ^ncjia ^HnojibHbix MarnnTOB b 
KOJibije SMHTTanc yMeHbmaeTca, 

ex oc N-^ , 

HO npH 3TOM paCTyT paSMepbl H CTOIIMOCTb HaKonii- 

TejibHoro KOJibLi;a. 

^Jia apKOCTH BCTaBHblX HCTOHHHKOB CH BaJKeH, 

o^naKO, scjjcjseKTHBHbiii SMHTTanc, KOTopbiii npaMO 
saBHCHT OT flHcnepcHOHHoii 4)yHKii,HH (HHBapnaHTa 
KypaHTa-CnaHflepa) b o6jiacTH BCTaBKH. OKasbiBa- 
eTCH, acjjcjjeKTHBHbiii SMHTTanc mojkho yMeHbniHTb, 
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ecjiH ocjia6HTb Tpe6oBaHHe 6e3flHcnepcHOHHOCTH 
|3|4) . IIosTOMy onTHKa neKOTopbix KOJieu, (Elettra, 
ESRF), nepBOHaHajibHO axpoMaTHHHaa, rana DBA, 
6bijia MOflHcjjHiiHpoBaHa (pemeTKa c pacnpeflejien- 
Hoii flHcnepcHeii, hjih nojiyaxpoMaT DBA*). 

/^jia flajibHeiiniero yMeHbineHHfl SMHTTanca b 
ESRF, Hapa^y c yBejiHHeHHeM ^HCJia ^HnojibHbix 
MarHHTOB OT 64 128, o6cy}KflaeTCfl h bosmojk- 
HOCTb HcnojibsOBaHHa flHnojibHbix MarHHTOB c no- 
jieM, HSMeHfliomHMca BflOJib ero ^jiHHbi |3I5| . 

B 3T0H pa6oTe sa^ana yMenbrnenHH scjjcjjeKTHB- 
Horo SMHTTanca pemaeTca fljiR cjiy^aa, Kor^a a^eii- 
Ka CHMMeTpHHHa (oTHOCHTejibHO OTpajKeHHa B ee 
iieHTpe) H cocTOHT H3 MarHHTOB ^Byx thhob: BHyT- 
peHHHe flHHOJiH Mq h Hapa 6oKOBbix flHHOJiefi Mi ; 
HOJiHoe ^HCJio MarHHTOB b H^eiiKe m = mp + 2. Mo- 
AH4)HLi;HpoBaHHbiM pemeTKaM TBA* h DBA* OTBe- 
^aeT Bbi6op Too = 1 h toq = 0, cooTBeTCTBenHO. B 
cjiyHae toq = 2 BHyTpennne ^hhojih MoryT hmgtb 
HenyjieBoe CMemeHne; stot cjiy^aii 6yfleM o6o3Ha- 
^aTb KaK QBA**. 

/^HHOJIH C HeOflHHaKOBbIM HOJIGM HMGIOT MaKCH- 

MyM HSJiyHeHHH B pasHbix MecTax cneKTpa, h Ka>K- 
flbiH THH OHTHMajien fsjiR CBoeH o6jiacTH cneKTpa h 
CBoero Kjiacca nojibsOBaTejieii. O^naKO, 6ojibmoe 
^HCJio CBo6oflHbix HapaMGTpoB, onpeflejifliomHx 
HeH30MarHHTHyio HHeiiKy, ^ejiaeT o^enb cjiojkhmm 
HOHCK HaHJiyHniHx HapaMeTpoB, npn KOTopbix 3(|)- 
4)eKTHBHbiH SMHTTaHC MHHHMajieH. Sflecb Hpe^jia- 
raeTCH BoaMOJKHbiii cnoco6, ajiropHTM pemenHfl, 
KOTopbiii pa36HBaeT STy safla^ry na 6ojiee npocTbie 
^racTH. B npHHiiHne, stot no^xo^ nosBOJiaeT pac- 
CMaTpHBaTb H 6ojiee cjiojKHbie pemeTKH, c TpeMs 

HJIH ^ajKe ireTbipbMH THHaMH flHHOJieil. 

2. 3(J)4)eKTHBHblii SMHTTaHC 

FopHSOHTajIbHblH 3MHTTaHC SJIGRTpOHHOrO HyH- 

Ka ex H 94)4)eKTHBHbiH 3MHTTaHC ecff onpeflejifliOTca 

CJie^yiOniHMH BbipajKeHHHMH, CBHSaHHblMH C HHTe- 

rpajiaMH no op6HTe (saBHCHT ot pa^nyca op6HTbi p 
H OHTHnecKHx (|)yHKi];HH, B T.n. /3-4)yHKi];HH) |2I3|4) : 



2/2 + h 

3fleCb 7 - pejIflTHBHCTCKHH (J)aKTOp, 



(1) 

(2) 



BBe^eHbi HHTerpajibi ho KOJibn,y 

I2 = p^"^ ds, 14^^ (j) rip^^{l + 2kp'^)ds, 



(3) 



Hid b ^ 9T0 nnBapnanT KypaHTa-Cnan^epaB to^- 

Ke (hjih B 06jiaCTH) BCTaBKH, 



(4) 



a — — ^/3'; T] - flHcnepcHonnafl 4)yHKLi;Hfl. 

HeKOTopbie KOJibLi;a, hcto^hhkh CH, npoexTHpo- 
BajiHCb Tax, ^To6bi o6j[acTH BCTaBHbix ycTpoiicTB 
HMejiH HyjieBoii HHBapnaHT Hid (i.e. nyjieByio ^nc- 
nepcHOHHyio 4)yHKH,Hio h ee HpoHSBO^nyio) , no sa- 
TBM HapaMeTpbi 6bijia nsMenenbi ^jih jiynmeii mh- 
HHMHsaiiHH 94)4)eKTHBHoro SMHTTaHca ([2]) • 

PlHTerpaji Maji ho cpaBnenHio c /2 h mojkho 
HM HpeHe6peraTb, ecjin ncHOJibsyiOTCH MarnnTbi c 
pas^ejibHbiMH 4)yHKn,naMH (b ^nnojiax neT KBa^py- 

HOJIbHOii KOMnOHGHTbl, H /c = 0) . 

HTaK, HaM HyjKHO MHHHMHsnpoBaTb cjieflyioniyio 

K0M6HHaLi;HI0 KOJIbllGBblX HHTBrpajIOB 



_2 _ hh _ h{h+HiDh/2) 



-off 



^2 
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(5) 



Cq = 3.84 X IQ-^^M., Cq-i^ = 1470nni(i;[GeV])2; 



H 3flecb cjie/iyeT saMBTHTb, hto nnTerpajibi I2 n 
Iz saBHCflT TOJibKO OT HOJiH B MarHHTax (pa^Hyca 

Op6HTbl), HO ne SaBHCHT OT 6eTaTpOHHbIX H ^HC- 

HepcHOHHbix (J)yHKH,HH. HnTerpajibi see I5 n le = 
/s + HydIz/2 flBjiaiOTCii cyMMaMn HOJioJKHTejib- 
Hbix BKjia^OB OT KajKfloro MarHHTa (t.k. nnBapnanT 
KypanTa-CnaHflepa Bcer^a HOJiojKHTejieH) . 

IIosTOMy sa^a^y OHTnMH3an,nn mojkho nonpo6o- 

BaTb pa36HTb Ha neCKOJIbKO OTHOCHTejibHO HpOCTblX 

maroB, njin 4)aKTopH30BaTb: 

(1) CnepBa MnnnMnanpyeM BKjia/i; KajK^oro Mar- 
HHTa B /5 HO HapaMGTpaM /3o, ?7o, f?oi '^'^'^ ^na- 
^enne MHHHMyMa 6eTa-4)yHKH,HH n ^Hcnepcnonnbie 
(|)ynKn;nn b STOii to^kb MHHHMyMa (sTa TO^xa cjiy- 
JKHT na^ajiOM OTcneTa op6HTbi s b ^nnojie); fljia 

KOHIIGBblX MarHHTOB, KOTOpblG rpaHHHaT C MeCTOM 

BCTaBKH n neHOcpeflCTBenno onpe^ejiaiOT i/jD, mh- 
HHMn3HpyeM nx BKJiafl b nnTerpaji + Iq, Tax KaK 
3TO nanjiynniHM o6pa30M annpoKCUMupyem mhhh- 

MH3aH,HIO HpOH3BefleHHfl I^Iq. 

(2) CB060flHbie HapaMBTpbl ^HHOJIBH, KpHBH3Ha 

fljiHHa flHHOJia HJIH yroji HOBopoTa, I = -dp, a 
TaKJKB KOop^HHaTa ii,eHTpa ^hhojia So hjih CMeui,e- 
Hue X = —2so/l, AOJiJKHbi 6biTb orpaHHHeHbi ycno- 

BHaMH CniHBKH, Bbipa}KaiOILI,HMH paBBHCTBO HHBa- 

pnaHTOB KypaHTa-CnaHflBpa na bbixo^b h3 ^Hnojia 



2 



H Ha Bxo^e B cjie^yiomHH. Cro^a see flo6aBJiaeTCH 
ycjiOBHe saMKHyTOCTH op6HTbi (cyMMa yrjiOB Bcex 
MarHHTOB paBHa 27r). 

(3) Ilocjie HCKjiio^eHHa yrjiOB, mojkho npoBO^HTb 
MHHHMHBaijHio si^cjjeKTHBHoro SMHTTanca no ocTaB- 
niHMCfl napaMGTpaM (ffBym hjih TpeM): 

K = pi/po, X = .To, y ^xi 

(BHyTpeHHHe MarHHTbi MoryT HMeTb HenyjieBoe CMe- 
meHHe xo , ecjiH hx t^hcjio paBHO flByn) . 

HsBecTHO, ^TO BKJia^ flHnojibHoro MarHHTa b 
SMHTTanc MHHHMajieH Tor^a, Kor^a ero ijeHTp cob- 
naflaeT c MHHHMyMOM 6eTa-4)yHKi];HH (stot mhhh- 
MyM H napaMBTpbi ^HcnepcHOHHoii (^yuKUfm ^ojijk- 
Hbi, KpoMe Toro, HMGTb onpe^ejieHHbie 3HaHeHHH, 
saBHcamHe ot nojia MarHHTa |1|2) ). TaKoii Mar- 

HHT 6y^eM HaSblBaTb CHMMeTpH^HblM (naXO^HTCfl 
B CHMMeTpH^HOii n03Hn,HH), HJIH HeCMeHI,eHHbIM; B 

HpoTHBHOM cjiyHae 6yfleM roBopHTb o MarnnTe co 
CMemeHHeM. 

06bi^HO pemeTKH coctoat h3 HOBToparoniHxca 
oflHHaKOBbix Ha6opoB MarHHTOB, H^reeK hjih ne- 
pnoflOB (hjih cynepnepHOflOB) . Mm paccMOTpHM 
flOBOJibHO o6iri;HH cjiyHaii HepHO^HHecKoii pemeTKH 

H3 n CHMMeTpH^HblX H^eeK (njIOCKOCTb OTpaJKeHHfl 

B iieHTpe fl^eiiKH). KajK^aa HHeiiKa coflepjKHT m 

^piHOJIbHblX MarHHTOB, B TOM ^HCJIB mQ = 771 — 2 
BHyTpeHHHX MarHHTa Mq (cHMMeTpHHHblX, TO eCTb 

c HyjieBbiM CMemeHHeM), h ho 6oKaM ^Ba MarHH- 
Ta All, CO CMemeHHeM xi. PaccMaTpHBaa npaByio 
HOJiOBHHy aHCHKH, Mbi GyflCM H0flpa3yMeBaTb, ^to 

CMeiLI,eHHfl 60K0BbIX MarHHTOB HOJIOJKHTejIbHbl (b 

jieBoii HOJiOBHHe CMemenHii OTpniiaTejibHbi) . IIoji- 
Hoe HHCJio flHHOJieH -/V = n • to; HX yrjibi HOBopoTa, 

I^O, flOJIJKHbl yflOBJICTBOpHTb yCJIOBHK) 



^ ?9j = n(mot?o + 2i?i) = 27r . 



(6) 



BBCflCM o6o3HaHeHHe ^jih cpe^nero yrjia i? — 2tt/N. 



3. MHHHMH3ai];HH BKJia^a B SMHTTaHC 

BHyTpeHHero (ne KOHi];eBoro) ^nnojia 

IlycTb flHHOJibHbiH MarHHT HMeeT fljivmy I = p'd, H 
KOopflHHaTa ero ijenTpa (ot tohkh MHHHMyMa 6eTa- 
(jjyHKiiHH) paBHa so = —xl/2. 

Cue^ya Tenry [1], mojkho 3aHHcaTb BKJia^ Mar- 
HHTa B HHTerpaji 75, a TaKJKe HHBapnaHT KypanTa 
Ha HpaBOM H jieBOM Kpaax MarHHTa H±, cjie^yio- 
mHM o6pa30M (cm. BbipajKeHHfl (9)-(ll) h3 [ij): 



2 / \ 2 

H± = /3o(% + sm(^±)2 + :^ (1 - ^ - cos^A , (7) 

Po \ P J 



A/5 = i^ fHds='^[A + D + {Tj' +E sin ifo)^ 
p-^ J P^ 



^[A-D + il-'^-Ecos^.n (8) 
Po P 



I s± So xd 

r^e s± = So ± -, ip±^ — , (/Jo = — = — tt^ 
I p pi 

l-COSI? ^4 



A- 

B 



1 
2 



^2 
sin I? 



2d 



D — B cos 2930 
sin(i?/2) 



E 



i9/2 



^ 24 
1-24 



4! 6! ' 

IT - "eT' 

1-^(2 + 15.^) 



(9) 



d* 



16 • 5!' 



IIocjie^Hee cjiaraeMoe b nocjie^HeM ypaBnennn 
flo6aBj[eHO, nTo6bi H0Ka3aTb Kax 6biCTpo na^aeT 
BKjia/i; cjie^yiomnx hjichob pfl^a. IlpeflHOJiaraeTCfl, 
^TO yrjibi 'di Majibi (^ji-h bccx flnnojieii naKOHHTe- 
Jin), H yjKe nepBbie HJienbi pa3j[0}KeHHH no yrjiaM 

^aiOT ^OCTaTOIHyiO TOHHOCTb. 

MHHHMH3aH;Hfl BbipajKeHHfl ^ HO HapaMeTpaM 
j/o, Vq flOCTHracTCH, ecjin sth napaMCTpbi y^OBjie- 
TBopfliOT cjieflyioin;HM ycjiOBHSM [l]: 



xd 

v'o = -Esmipo ~ — , 
TjQ = p ~ pE cos ipo w piS' 



1 + 3x2 
24~~ 



(10) 



BKjiafl flHHOJiH B HHTcrpaji npHHHMaeT bh^ 

AI, = ^-\^iA + D) + liA-D] 
P [ P Po 

MHHHMH3ai];Hfl HO HapaMCTpy (3q Tcnepb ^acT 



/3o' = p' 



A-D 
A + D 



p^& 



1 + 15a;2 
60 



AL 



(mill) 



p 



z9'*\/l + 15x2 



12V15p 



(11) 
(12) 



C y^CTOM ycjiOBHH l|10p . I|lip . ypaBHenne ([7]) npH- 
HHMaeT cj[e^yioni,HH bh^: 



34+ 15x + 45x2 
I2VT5VI + 15x2 ■ 



(13) 
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IIpH X — nojiyi^aeM BbipajKeHHa ^jih iienTpajib- 
Horo MarHHTa (cjiy^afi A y Tenra). PemeTKa, co- 
CTaBJieHHaa h3 N TaKHx MarHHTOB (nycTb p = 1, 
Torfla I2 — I3 — N'&j h — N^Id), cooTBeTCTByeT 
MHHHMyMy ecTecTBeHHoro SMHTTanca, 



£0 



12V15 



.|); ,14) 



siJxJjeKTHBHbiii 3MHTTaHC 9T0H pemeTKH paBSH SEq. 

yflo6HO H3MepaTb SMHTTanc b eflHHHilax Eq, bbg^h 
6e3pa3MepHbie napaneTpbi /, g. H3BecTHO p], hto 
fsjiR pemeTKH DBA 

/= — =3, g= = 3. 

^HnojiH pemeTKH DBA HMeroT CMem,eHHe x = j; ec- 
jiH fljiH SToro X Hcnojib30BaTb 3HaHeHHH l|10p - l|13p . 

TO MOJKHO nOJiyHHTb (9(J)(J)eKTHBHbra SMHTTaHC Ta- 

Koii nojiyaxpoMaTHHecKoii pemeTKH yMenbmaeTCfl 
HO cpaBHeHHio c DBA) / = g = « 2.49. 

B TO^Ke MHHHMyMa H+(x) H3 ifTSj) . X = 0.229 
(sTO KopeHb ypaBHeHHH 45a;'^ + 2a: — 1), 3(|)4)eK- 
THBHbiii SMHTTanc em;e neMHoro yMeebmaeTca: g = 
2.43. OflHaKO 6ojiee npaBHjibHbiM ^jia DBA* 6yfleT 
HHoii CHOC06 Bbi6opa onTH^^ecKHx napaMeTpoB - KaK 

^JIH KOHH,eBbIX ^HHOJieH. 



»7o 



19 Ay-d - Jp'^{l-y) 
"2 A§ + Jp2 ' 

pip_ 4t^(l + 3y2) + 3V(l-y)^ 
'2A 



(16) 



4i? + Jp2 



3flecb y - CMem,eHHe KOHijeBoro ^hhojiji. Ilocjie ho^- 

CTaHOBKH 3THX 3Ha^eHHii B (|15P MOJKHO HOJiyHHTb: 



Wo 



T^'«4^ 



1 + 15?/ 



J 

5J(l-3y) 



21 



4i? + J 



(17) 



MHHHMyM floCTHraeTCfl, ecjiH (BOCCTanaBjiHBaeM p) 
.2 2 02 2^(1+15;/^) + ?,Jp\l-by+10y^) 



PlHBapHaHT Ha Kpaax npHnnnaeT bh^ 



[ 4i? + J 
p T 3yt^ + (3 T 3);/ J/4 
9A) [ 4t? + J 



(19) 



B HpHHH,HHe, Tenepb Bce totobo ^jia 3aBepmaio- 
meii MHHHMH3au,HH: KpoMe ypaBHeHHH (|17p - (|19p na- 
flo y^ecTb, ^To A/g — A/5 = JH+/2 . 



4. MHHHMH3ai];HH BKJia^a B 3(|)(|)eKTHBHBIH 

9MHTTaHC KOHi];eBoro flHnojia 

IlycTb HHTerpaji no BceM ^HoojiflM b aHeiiKe, Kpo- 
Me KpaiiHHx, KOHiieBbix, paBen /g, a BKjia/i; Koniie- 
Boro paBen A/5 . y^HTbiBaa ypaBHenne ^ , HMeeM 

A(/5/6) = n\i; + 2A/5)(/5* + 2A/6) - n^I^f 
« 2n^i;{Al5 + A/e) cx 2 A/5 + JH+/2 . 

3flecb J = 1^1 (2n) - HHTerpaji no HOJiyaneiiKe, n - 
^HCJio H^eeK. Hcnojibsya (l7l)-|[9l), oojiynaeM Bbipa- 
jKenne, KOTopoe nyjKHO MHHHMHsnpoBaTb (ho napa- 
MeTpaM ^Hoojifl 770, ?7q, /?o; na BpeMa opHMeM p = 1): 

A/5 + A/e = 2§l3o[A + D + {r]'o+E sin ipa)^] 
2d 

+ — [A-D+{l-7^„-Ecos^of] (15) 
Po 

+ + sin(^+)2 + _ _ cos(^+)^ 

XIpnpaBHHBaa nyjiro npoH3BO;i,Hbie no r^Q n % , mojk- 
HO naiiTH 3HaneHHa napaMeTpoB, npn KOTopbix ^o- 
CTHraeTca MHHHMyM (boccTanaBjinBaeM p): 



5. MHHHMH3ai];Ha flJia pemeTKH DBA* 

HT06bI npOBepHTb KOppeKTHOCTb ypaBHeHHH 

Hpeflbiflym;ero paa^ejia, paccMOTpHM npocTeiimyio 
HOJiyaxpoMaTH^^ecKyio pemeTKy c flbyMa MarnnTa- 
MH B H^^enKe. B 3tom cjiynae (b stom pas^ejie p — 1) 

J = h/N ^d^^, 

H H3 ypaBHeHHH (fT6|) -(fT9 l) cjie^yeT 



' g Sy-l 27-6y+lV 
10 ' 10 -^20 



Po 



79Vl-3y+12y2 



A/5 + Ale = 27? 
//, 



4V3 

4 v/1 - 32/ + 12y2 



15V3 

3 7 - 337/ + 727/2 



75\/3v/l - 37/+ 127/2' 



B HTore naxo^HM BbipajKenna ^jia 6e3pa3MepHbix 
SMHTTancoB (ecTecTBeHHoro h scjacjjeKTHBHoro, co- 
OTBeTCTBeHHo) , CM. (|14p : 



4 



13 - 27y + 168y2 A/sAJg 
, 9 =- 



A/5 ^ 



3(13 - 21y + 1682/2) (9 - 31y + 104y2) 
125(1 -32/ + 122/2) 



(20) 




Phc. 1. HopMHpoBaHHBiH SMHTTaHC pemeTKH DBA*: / - 

eCTeCTBeHHblH, g — 9(J)4)eKTHBHBIH. 

CooTBeTCTByiomHe rpacjjHKH noKasanbi na pnc. 1. 
MHHHMyM 94)4)eKTHBHoro 3MHTTaHca floCTHraeTca 
npH 2/ = 0.107, H (/min = 1.559. TaKHM o6pa30M, 
npe^jiaraeMbiii ajiropHTM MHHHMHsaiiHH c to^ho- 
CTbK) Jiy^me nojiOBHHbi npoijeHTa BOcnpoH3BOflHT 
MHHHMyM TaHaKH-An^o [4], paBHbiii 1.552. 

B cjie^yiomeM pas^ejie 6yflyT paccMaTpnBaTb- 
CH 6ojiee cjiojKHbie pemeTKH, Kor^a b aHeiiKe ecTb 
BHyTpeHHHe ahhojih, c nyjieBbiM CMemeHHeM. 

6. PemeTKH TBA*, QBA* et cet. 

IlycTb mo - HHCJio BnyTpennHx ^HHOJieii, a m = 
mo + 2 - HOJiHoe hhcjio ^HHOJieii b a^eiiKe. Hchojib- 
syeM 6e3pa3MepHbie napaMeipbi 

H HOJIOJKHM pi = 1 (e^HHHH,a flJIHHbl) . By^BM TaK- 

jKe onycKaTb b ypaBHennax cpe^HHii yroji (i.e. (jDop- 

MajIbHO I? = 1), T.K. OH He BOHfleT B 6e3pa3MepHbiH 

SMHTTaHC, f n g. 

Bee paBHO Hejib3a b abhom bh^b nojiy^HTb 
g{y,K; mo), ho mojkho naiiTH STy 4)yHKu,Hio ^hc- 
jieHHO, HO cjie^yiomeMy ajiropHTMy. 

3aMKHyT0CTb 0p6HTbI H HepBbie HHTerpajIbl HO 

nojiyHHeiiKe, HopMnpoBannbie na 1)1, cm. ([3]): 

m mo 

q = — - , i2 = h/K^n-di) = 1 + —pn , 

rriQp + 2 2 



J = J/di = hl{2ndi) = 1 + "^pk" . 



(21) 



Ta5jiHi(a 1 
IlapaMeTpbi nojiyaxpoMaTOB mBA* 



m 


2 


3 


4 


5 


6 


7 


8 


9 


10 


5min 


1.559 


1.435 


l.,353 


1.297 


1.257 


1.226 


1.202 


1.182 


1.166 


/ 


1.191 


1.207 


1.196 


1.182 


1.169 


1.156 


1.146 


1.136 


1.128 


y 


0.107 


0.157 


0.185 


0.203 


0.215 


0.224 


0.231 


0.236 


0.240 


K 




0.850 


0.835 


0.830 


0.831 


0.832 


0.835 


0.839 


0.843 


P 




1.134 


1.170 


1.198 


1.222 


1.241 


1.258 


1.272 


1.285 



H3 ypaBHeHHH l|18p HOJiyHHM (TaxjKe HopMHpyeM) 



b = 



(1) 



'2 + 302/2 + 3j(l- 52/ + 102/2) 



i9i y 120(1 +j) 

TaKHM jKe o6pa30M Hpeo6pa3yeM (fT9|) h (fT7|) : 



H. 



(1) 



A^^^+A/W ^ 4&(l+j) 
3(4 + j) ■ 



YcjIOBHe CHIHBKH i/. 



(0) 



tr(l) 

ill ^aeT 



3V15k 



= b 



(2 + j)2 ^ (2 + 62/ + 3j2/)^ 
(4 + jT 



366(4 + j) 



(= /i-)-(22) 



ypaBHenne ([221) c yneTOM ([2T|) mojkho pemnTb hhc- 
jieHHO, H HaiiTH e^iHHCTBeHHoe pemeHHe p{y, k; mo). 
Tenepb OHpeflejiaeTCH b{y, k; mo) {i.e. MHHHMyM 
6eTa-(i)yHKi];HH KonijeBoro flHHOJia /?o^''), h mojkho, 
HaKOHeu;, Bbi^ncjiHTb fug: 

^3 



«5 



/ 



£o«2 ' 



(2mo£oP K + 2s — jh+), 



/ / + 



2i2eo 



1 



£0= 



12V15 



(23) 
(24) 



Ha pnc. 2 HOKa3aHa o6jiacTb MHHHMyMa 34)(J)eK- 
THBHoro SMHTTanca, g{y,fi), jiJin pemeTKH TBA*. 
B Ta6jiHi];e HpHBeflenbi HapaMexpbi, BKjiioHafl ecTe- 
CTBeHHbiii SMHTTaHC, fljia HOJiyaxpoMaTOB mBA* 
BHJIOTb ^o m = lOl 2| 

7. PemeTKa QBA** 

EcjiH m = 4, HeTbipe ahhojis b HHeiiKe, BnyTpen- 
HHe flHHOJiH TOJKe MoryT hmctb HenyjieBoe CMem;e- 
HHe, xq = X (y 6oKOBbix CMem,eHHe xi — y). Tor^a 
B ypaBHeHHH l|22p HyjKHO H3MeHHTb jieByro nacTb, 
cjie^ya ypaBHeHHio l|13p : 

p^ U - l^x + A^x^) , ,. . 

- h-{j,y). 



12kVT5V1 + 15a;2 



^ OTHOcaniHeca k paciexaM m-4)aiijibi mojkho HaiiTH Ha 
caftTe |zhogin.narod.ru| 
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Phc. 2. ScjjcljeKTHBHBift SMHTTaHC ^{k, J/) fljia pemeTKH TEA*. 

KpoMe Toro, b BbipajKenHH fljia i^, ypaBHeHne (|23p . 
MeHHeTCH BKJiafl BHyTpeHHHx ^Hnojieii [cm. (|12p ]: 



15 = —{2moeap^K\/ 1 + 15x^ + 2s — 

Tenepb hem nyjKHO naiiTH mhehmym (jjyHKiiHH 
Tpex nepeMeHHbix, g{y,x,K). Mojkho paccMaTpn- 
BaTb flByMepHbie cpesbi, ^jih pasHbix sna^eHHii n, h 

HaXOflHTb MHHHMajIbHOe SHaHGHHe gmin(K); TpacJjHK 
STOii (J)yHKLI,HH MOJKHO BH^eTb Ha pHC. 3. 

Ha pHC. 4 noKaaana o6jiacTb MHHHMyMa g pjia 
cjiyHaa k = 0.74 (mojkho cpaBHHTb c pnc. 2). 

CaM MHHHMyM, (Jinin = 1.345, flOCTHraGTCa npH 

y = 0.181, X = 0.046; npn stom p = 1.184. 




0.6 0.7 0.8 ^ 0.9 1.0 



Phc. 3. PemeTKa QBA**: 9MHTTclHC ^min 

OT K = Pl/po- 

8. 3aKJiK)HeHHe 

HeH30MarHHTHbie pemeTKH c ^ByMa THnaMH Mar- 
HHTOB, TBA*, QBA*, H oco6eHHO QBA**, nosBO- 

JIHIOT HGCKOJIbKO yMeHbniHTb SCjjcjseKTHBHblH 9MHT- 

Tanc, HHJKe MHHHMyMa TanaKH-Anflo gmin = 1.552; 
B cjiy^ae QBA** - bhjiotb gmin = 1.345. Hh- 

TepeCHO, ^TO HOBblH MHHHMyM ^OCTHraeTCfl Tor^a, 

Kor^a nojie y BHyTpennnx ^hhojigh Menbnie, hgm 
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Phc. 4. QBA**: o5jiacTB MHHHMyMa g{y,x) fljia k = 0.74. 

y KOHiiGBbix, na ypoBne 74%; HOSTOMy bosmojk- 
Hbi BapnaHTbi, Kor^a BHyTpennHB MarnHTbi hmbiot 
KBaflpynojibnyio h / hjih OKTynojibHyio KOMnonenTy. 
MojKHO paccMaTpHBaTb 6ojiee cjiojKHbie pemeTKH, 
c TpeMa THHaMH MarHHTOB; ycjiOBne cmHBKH Me>K- 
fly BHyTpeHHHMH flHnojiHMH ropasflo Hpom;e, hgm 

MGJKfly BHyTpeHHHM H KOHIIGBblM. 

06jiacTb MHHHMyMa HMeeT HonaTHbie npeHMym;e- 
CTBa, B neii 6ojibme ycToiiHHBOCTb h Menbme bjih- 

HHHe pa3HbIX OTKJIOHeHHH, HOrpemHOCTeH HSrOTOB- 

jieHHfl H ycTanoBKH, HOCKOJibKy Majibi rpa^HeHTbi 
no BCGM napaMGTpaM. 

IlpeflJIOJKeHHblH ajirOpHTM MHHHMHSailHH HMeeT 

3BpHCTHHecKHH xapaKTep, H MO>KHO ero em,e neMHO- 

rO yCJIOJKHHTb. ^Jlfl KOHU,eBbIX MarHHTOB, BMeCTO 
CyMMbI 2A/5-|-i?_|_ J/2, MOJKHO MHHHMHSHpOBaTb 6o- 

jiee o6m;yio jiHHeiiHyio KOMGnnaiiHio 2 A/5 -I- XH+J; 
flOHOJiHHTejibHbiii HapaMeTp A « 0.5 H0fl6HpaeTCfl, 
^To6bi MHHHMyM gmin 6biji rjiy6}Ke. 

BbipajKaro 6jiaroflapHOCTb K. B. SojiOTapeny, 
HpHBJieKmeMy Moe BHHManne k stoh sa^a^e, 3a 
HHTepec K pa6oTe h pa^ saMe^anHii. 
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